Abstract
low-orbit satellite, and later work based on incoherent-scatter radar has shown that the amount 
25
The above comparisons between electron flux and absorption used observations on satellites 26 passing over, or close to, the site of the riometer used for the absorption measurement. However, 27 in verifying auroral absorption as a substorm driven phenomenon, Parthasarathy and Reid (1967) 28 showed that dayside absorption was also related to increased particle activity in the midnight 29 sector, though with a time delay, and Hargreaves et al (1968) verified this using data from Vela 30 satellites some 17 R e down the magnetotail. It became clear from these studies that in a given 31 absorption substorm the activity originated from the tail region on the night side of the Earth.
32
An objective of the present study is to explore these relationships in greater detail and to Van Allen belts, and these were rejected from the data set. 
Basic statistics of the occurrence of associated features

80
The initial data inspection identified 194 instances with at least one THEMIS satellite between 81 2100 and 0300 LT within 3R e of the ecliptic plane. Of these, 62 were (or seemed likely to be) indicate that in nearly all cases the satellite was in the plasma sheet when within 10Re.
91 Table 2 provides a more detailed summary of the data and shows the probability of the 
108
In order to determine whether these variations in flux may be due to differing locations in the data set, not just those having simultaneous observations from 2 or more spacecraft.
128
The partial correlation coefficient is usually designated ρ 12,3 where 1 and 2 are the quantities 129 correlated and 3 is the quantity "partialled-out" by the procedure.
130
The results of this analysis are summarised in Table 3 , in which the observed flux is F, the 
134
The parameters z and u are included in Table 3 , which verifies that the associations of F with 136 both A and r are very significant, whereas there is no significant association between A and r. 
142
Correlation coefficients and other statistical quantities derived from these distributions are given 143 in Table 4 . There is a clear distinction in these properties between the sectors. In the noon The peak-to-peak delays between the bursts at THEMIS and the associated IRIS events for 154 the four time sectors (midnight, dawn, noon, and dusk) are summarised in Figure 6 . In nearly all 155 cases where a valid comparison could be made it is clear that in the noon sector the absorption 156 followed the THEMIS event in nearly every case, the median time difference being 29 minutes
157
(with quartiles at 13 and 39 minutes). However, in the midnight sector the IRIS event preceeded 158 that at THEMIS, with a median time difference of 8 minutes (with quartiles at 4 and 9 minutes).
159
The time differences are not so systematic for the dawn and dusk sectors, which is perhaps not serve as a predictor of particle bursts in the tail. For the midnight sector, using the same 180 approach as in Table 2 , but with absorption as the primary selection variable, there are 24
181
THEMIS observations unaffected by belt contamination when absorption was at least 0.1 dB,
182
21 of which were associated with measurable flux. These selections are summarised in Table   183 5. For a numerical prediction of the flux (at 10R e ) from the observed absorption the regression 184 equation for F 10 on A given in Table 4 
Time delay between satellites
188
The 23 cases when there were 2 or more THEMIS satellites in the selected tail region frequently 189 show a pattern of activity which is similar in general character though with differences in detail. are considerably higher than those producing luminosity, and the comparison with auroral radio 227 absorption is more appropriate at these energies.
228
That the particles causing auroral radio absorption on the night side of the Earth might ). There is, however, considerable variation from case to case.
244
The timing of absorption events at the ground is also variable. As a rule they are seen considerably greater than the associated flux at 17 R e .
261
In many cases a weak bay-like event, the "pre-onset bay", is observed before the main event.
262
These can be extensive in longitude, and are first seen at a relatively high latitude, from which The "spike event" is another absorption feature that may be significant. This is of short from a much greater distance, whose arrival closer to the Earth then triggers the main event.
285
The existence of two apparent sources of energetic particles was pointed out by Ashour-Abdalla 286 and a subsequent one producing particles of higher energy due to dipolarisation of the magnetic 288 field closer to the Earth. The implication of separate low-and high-energy fluxes produced at 289 different times and different locations within the magnetotail would appear to be consistent with 290 the pattern of auroral absorption and apparent sources as described above.
291
Summary
292
There is a significant association between the 41 keV electron flux observed by THEMIS in 293 the magnetotail and the auroral radio absorption at 38.2 MHz at Kilpisjärvi in the noon and 294 midnight sectors. The association is much weaker in the morning and evening sectors.
295
The electron flux also depends on the location, falling off exponentially in proportion to the 296 distance down the tail.
297
At noon and midnight the absorption could serve as a proxy for the tail flux within a factor 298 of 2 in most cases.
299
The tail flux usually precedes the absorption at noon but follows the absorption at midnight, 300 the median times being 29 and 8 minutes respectively, though there can be considerable variation 301 from case to case. The tail flux could therefore serve as a predictor of noon absorption, and 302 the midnight absorption as a predictor of tail flux. In the latter case the magnitude would be 303 predicted to an accuracy better than a factor of 3 in most cases.
304
The relative timing in the midnight sector suggests outward movement of the flux event
305
down the tail from a source close to 6R e .
306
A comparison with spectra derived from incoherent scatter radar observations shows rea-307 sonable agreement between the spectra from THEMIS in the tail and the radar when in the Phys., 46, 21-38. 
